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Background: There are two major ethnic categories in Taiwan, i.e., the Han Chinese (98%) and the
Taiwanese Aborigines (2%). The interethnic disparities in ischemic stroke etiological subtypes, conven-
tional and behavioral vascular risk factors were unknown.
Methods: From June 2007 to May 2009, a prospective stroke registry was conducted by a referral hospital
in Taitung, Taiwan. Using the database, the interethnic disparities were examined by univariate analyses,
followed by multivariate analysis of the ischemic stroke subtype [by TOAST (Trial of Org 10172 in Acute
Stroke Treatment) classiﬁcation] with signiﬁcant difference between the two ethnicities.
Results: We included 433 acute ischemic stroke patients, comprising 302 Han Chinese (70%) and 131
Aborigines (30%). The Taiwanese Aborigines are more likely to be illiterate and living in rural areas (both
p < 0.001); they are also more likely to have atrial ﬁbrillation (p ¼ 0.018), and to engage in alcohol
drinking (p ¼ 0.046) and areca nut chewing (p < 0.001), but less likely to have diabetes mellitus
(p ¼ 0.022). Univariate analysis shows higher prevalence of cardioembolism among the Taiwanese Ab-
origines. However, ethnicity is not one of the independent variables of cardioembolism, which include
atrial ﬁbrillation [odds ratio (OR) ¼ 28.04; 95% conﬁdence interval (CI), 13.39e58.72)], hyperlipidemia
(OR ¼ 0.46; 95% CI, 0.23e0.95), and areca nut chewing (OR ¼ 2.85; 95% CI, 1.21e6.72).
Conclusion: Risk factors differ between the Han Chinese and the Taiwanese Aborigines, and areca nut
chewing correlates with cardioembolic stroke. Future measures for stroke prevention should take these
factors into consideration.
Copyright © 2016, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Ischemic stroke has diverse etiological subtypes with different
risk factors that need tailored preventive strategies. Effective pre-
vention for this devastating disorder involves modiﬁcation of both
conventional and behavioral risk factors. However, the risk factor
proﬁle and distribution of ischemic stroke subtypes differ amongall their afﬁliations with or
d foreseeable future, any or-
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es/by-nc-nd/4.0/).ethnicities, and the data are lacking in Taitung, the homeland of
several tribes of Taiwanese Aborigines in Taiwan.
The Taiwanese Aborigines makes up only 2% (500,000 as of
2010) of Taiwan's total population, with the Han Chinese as the
remaining ethnic category (98%). The former comprises indigenous
peoples of Taiwanwho are linguistically and genetically grouped as
Austronesian, who have probably been living in this island for
several thousand years. Some linguistic and anthropologic studies
suggest that the ancestors of the Taiwanese Aborigines could be the
origins of Austronesian linguistic family1, whose area of distribu-
tion spreads from Madagascar to Easter Island, and from Taiwan to
New Zealand. After the major immigration of the Han Chinese
started in 17th century, the Taiwanese Aborigines gradually became
the minority in Taiwan. The last area in this island to be colonized
by the Han Chinese immigrants is Taitung, a county isolated by
mountains at the southeast coast of Taiwan. Taitung is the home-
land of seven tribes of Taiwanese Aborigines, namely, the Amis,icine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
K.-H. Hung et al.18Paiwan, Bunun, Rukai, Yami (Tao), Puyuma, and Kavalan, consti-
tuting 30% (80,000 as of 2010) of Taitung's population.
The Han Chinese is the largest ethnic group in the world,
comprising 92% of China's population and 98% of Taiwan's popu-
lation. In comparison to the Han Chinese in Taiwan, the Taiwanese
Aborigines have shorter life expectancy2. As stroke is the third
leading cause of death in Taiwan, recognition of the aborigines'
stroke epidemiology could be helpful in closing the health gap. This
study used database derived from a prospective stroke registry to
compare the demographic details, as well as conventional and
behavioral risk factors between the two ethnic categories.
Furthermore, determinants of the ischemic stroke subtype with
interethnic disparity were investigated.
2. Materials and methods
Mackay Memorial Hospital-Taitung Branch, a regional hospital
in Taitung, is equipped with a stroke unit. From June 2007 to May
2009, a prospective stroke registry was conducted in this hospital.
It had been approved by the Institutional Review Board of Mackay
Memorial Hospital-Taipei, Taiwan (MMH-I-S-572), and an informed
consent document was obtained from each enrolled patient. A
proxy family member was used if the patient was aphasic,
demented, or having consciousness disturbance.
This registry tried to recruit all the acute stroke patients, ﬁrst-
ever and recurrent, admitted to the stroke unit of this hospital
within 7 days after stroke onset. Those younger than 18 years or
who left the hospital within 24 hours after onset were excluded. For
this analysis, we took three steps in sorting the patients. First, we
omitted thosewith any uncertainty in ethnic identiﬁcation. Second,
patients with hemorrhagic stroke, transient ischemic attack, spinal
cord infarction, or cerebral venous thrombosis were excluded.
Finally, we included only patients whose paternal and maternal
grandparents' ethnicities, i.e., three generations, were all in the
same category of either the aboriginal or the Han Chinese. Those
with intermarriage between different ethnic categories in their
lineal relatives were also excluded.
Ethnic identiﬁcation was self-reported3, and each participant
was requested to choose the ethnicities of his/her parents, as well
as paternal and maternal grandparents from a list. The list contains
three ethnic categories: (1) the aborigines (including the tribes of
Amis, Paiwan, Bunun, Rukai, Yami, Puyuma, Kavalan, Atayal, Tsou,
Saisiyak, Thao, and “other tribes”); (2) the Han Chinese (including
the Minnan, Hakka, and mainland Chinese); and (3) foreigners
(including Indonesian, Filipino, Vietnamese, Thai, and “other
countries”). Descendants of foreigners are excluded in this study.
2.1. Deﬁnitions
Body mass index (BMI), deﬁned as the individual's body mass
(in kilograms) divided by the square of height (in meters), was
divided into four categories: underweight (BMI < 18.5), normal
weight (18.5  BMI  24), overweight (24  BMI  27), and obese
(BMI > 27)4. Abdominal obesity was deﬁned as waist circumference
of at least 80 cm and 90 cm, in females and males, respectively,
using World Health Organization Asia Paciﬁc guidelines. The risk-
inducing behaviors recorded included areca nut chewing, in addi-
tion to smoking, drinking, and sedentary lifestyle. Smoking and
areca nut chewing were deﬁned as currently consuming the sub-
stances; drinking habit as taking alcohol for at least 3 days a week;
sedentary lifestyle as never exercise or exercise for less than once a
week. Participants were considered to have ischemic heart disease
if they had a history of angina pectoris, myocardial infarction,
coronary artery angioplasty, or bypass surgery. The diagnosis of
atrial ﬁbrillation (AF) was based on at least one electrocardiogramobtained prior to or after admission. Hypertension was deﬁned as
blood pressure > 140/90 mmHg on at least two occasions in the
nonacute phase, or the patient's prior history and treatment of such
a disease. Diabetes mellitus (DM) was deﬁned as recurrent hyper-
glycemia on different days (fasting glucose level > 125 mg/dL or
nonfasting glucose level > 200 mg/dL), or the patient's antecedent
diagnosis and treatment of DM. For those with newly diagnosed
DM during acute stroke, their blood sugar levels were rechecked
during the chronic stage to conﬁrm the diagnosis. Hyperlipidemia
was deﬁned as high serum lipid level(s) (total cholesterol
level  200 mg/dL, low-density lipoprotein cholesterol  130 mg/
dL, or triglyceride  200 mg/dL), or prescription of statin or ﬁbrate.
2.2. Statistical analysis
SAS version 9.3 for Windows (SAS Institute, Cary, NC, USA) was
used for statistical analysis. We compared the sociodemographics,
risk factor proﬁles, initial scores, short-term outcomes, and stroke
subtypes by TOAST (Trial of Org 10172 in Acute Stroke Treatment)
classiﬁcation5 between the two ethnic groups. For continuous
variables, the t test was used to compare the means. For categorical
variables, the Chi-square test was used to test the difference be-
tween groups. Multivariate analysis was also performed using lo-
gistic regression models, with cardioembolic stroke (yes/no) as the
response variable and stroke predictors found signiﬁcant by uni-
variate analysis as covariates. Each covariate was tested indepen-
dently and with the main interaction terms. Measures of
association were odds ratios (ORs) with 95% conﬁdence intervals
(95% CIs). The continuous variables were expressed as the
mean ± standard deviation. All calculated p values were two-tailed,
and we considered p < 0.05 to be statistically signiﬁcant.
3. Results
Within 2 years, we included 433 patients, identifying 302 pa-
tients in the Han Chinese group (70%) and 131 patients in the
aboriginal group (30%). The ethnic ratio is in proportion to that of
Taitung's population. As Taiwan's National Health Insurance pro-
gram has enrolled 99% of the Taiwan's population, the discrepancy
in healthcare between the two ethnic groups is reasonably small. It
was reassured by comparison of the percentiles of individuals
receiving medications prior to admission in each ethnic group. The
p values (not shown) were all in excess of 0.05 and therefore sta-
tistically insigniﬁcant. In average, 28.9% of the patients took anti-
platelets, 1.8% took warfarin, 38.1% took antihypertensives, 11.8%
took ﬁbrates or statins, 18.7% took insulin or oral hypoglycemic
agents. After inclusion into this study, 100% of the patients had
neuroimaging of brain (91.7% had computerized tomography and
60.7% had magnetic resonance imaging), 93.1% had neuro-
sonography (carotid and transcranial color-coded duplex sonogra-
phies), and 84.3% had transthoracic cardiac echo.
Table 1 compares the patient demographics and vascular risk
factors between the two ethnic groups. There was no demographic
diversity in age, sex, marital status, social class, and BMI. However,
the aborigines were more commonly rural living and had a higher
percentage of illiteracy. Although not shown in the table, the time
lags between symptom onset and the ﬁrst medical encounter in
these two ethnicities were compared. The durations were catego-
rized into  2 hours, 2e3 hours, 3e6 hours, 6e24 hours, 1e3 days,
and 3 days. In spite of a trend for Han Chinese to seek medical aid
earlier, statistical signiﬁcance was not reached (p ¼ 0.084).
In both groups, one-third of the participants had previous
ischemic stroke, and hypertension was the most common risk
factor. The prevalence of hypertension, ischemic heart disease,
hyperlipidemia, abdominal obesity, current smoking, and
Table 1
Baseline characteristics for Han Chinese and Taiwanese aborigines.
Han Chinese
n ¼ 302 (69.7%) a
Aborigines
n ¼ 131 (30.3%) a
pb
Age (y) 69.55 ± 11.3 69.38 ± 10.7 0.883
Male sex 190 (62.9) 78 (59.5) 0.507
Marital status 0.197
Never married 13 (4.3) 5 (3.8)
Married 195 (65) 77 (58.8)
Widowed/separated 92 (30.7) 49 (37.4)
Residency <0.001
City 185 (61.3) 49 (37.4)
Borough 117 (38.7) 82 (62.6)
Illiterate 215 (71.2) 113 (86.3) <0.001
Social class 0.077
Economically inactive 218 (72.7) 81 (62.8)
Manual work 62 (20.7) 41 (31.8)
Nonmanual 20 (6.7) 7 (5.4)
BMI 0.243
<18.5 19 (6.3) 14 (10.7)
18.5  BMI  24 112 (37.2) 40 (30.5)
24  BMI  27 91 (30.2) 37 (28.2)
>27 79 (26.2) 40 (30.5)
Abdominal obesity 133 (45.9) 49 (39.8) 0.215
Previous ischemic stroke 100 (33.2) 45 (34.4) 0.819
Ischemic heart disease 56 (19.2) 24 (18.6) 0.890
AF 56 (18.9) 38 (29.2) 0.018
Hypertension 265 (87.7) 111 (84.7) 0.394
DM 125 (41.4) 39 (29.8) 0.022
Hyperlipidemia 155 (51.3) 57 (45.3) 0.135
Current smoking 95 (31.5) 42 (32.8) 0.783
Areca nut chewing 40 (13.2) 58 (44.3) <0.001
Drinking habit 34 (11.3) 24 (18.6) 0.046
Sedentary lifestyle 190 (62.9) 83 (64.8) 0.704
Data are presented as mean ± standard deviation for continuous variables and n
(column %) for categorical variables.
AF ¼ atrial ﬁbrillation; BMI ¼ body mass index; DM ¼ diabetes mellitus.
a Numbers may not sum to totals due to missing data, and column percentages
may not sum to 100% due to rounding.
b The p value is for t test (continuous variables) or Chi-square test (categorical
variables).
Table 2
Initial scores and outcomes for Han Chinese and Taiwanese Aborigines.
Han Chinese
(n ¼ 302)a
Aborigines
(n ¼ 131)a
pb
NIH Stroke Scale
Initial 7.64 ± 6.33 9.51 ± 8.14 0.021
At discharge 6.56 ± 9.91 8.15 ± 9.19 0.126
Modiﬁed Rankin Scale
Initial 3.30 ± 1.13 3.43 ± 1.13 0.252
At discharge 2.83 ± 1.29 2.94 ± 1.45 0.446
Length of stay (d) 11.20 ± 8.35 10.89 ± 6.70 0.705
Disposition 0.244
Death 5 (1.7) 6 (4.6)
Transferred 19 (6.3) 6 (4.6)
Home 250 (82.8) 110 (84.0)
Hospice 28 (9.3) 9 (6.9)
Stroke subtypes (TOAST)
Large artery 75 (24.8) 32 (24.2) 0.928
Cardioembolism 36 (11.9) 27 (20.6) 0.019
Small vessel 127 (42.1) 43 (32.8) 0.071
Other etiology 6 (2.0) 3 (2.3) 0.839
Undetermined 58 (19.2) 26 (19.8) 0.877
Data are presented as mean ± standard deviation for continuous variables and n
(column %) for categorical variables.
NIH¼National Institutes of Health; TOAST ¼ Trial of Org 10172 in Acute Stroke
Treatment.
a Numbers may not sum to totals due to missing data, and column percentages
may not sum to 100% due to rounding.
b The p value is for t test (continuous variables) or Chi-square test (categorical
variables).
Table 3
Unadjusted associations between study variables and cardioembolic stroke.
Characteristic na % with cardioembolic stroke OR (95% CI)
Ethnicity
Han Chinese 302 11.92 1.00
Aborigines 131 20.61 1.92 (1.11e3.32)
Age (y)
<65 129 8.53 1.00
65 304 17.11 2.21 (1.11e4.40)
Sex
Male 268 13.4 1.00
Female 165 16.4 0.79 (0.46e1.36)
Hypertension
No 57 19.3 1.00
Yes 376 13.8 0.67 (0.33e1.38)
DM
No 269 17.8 1.00
Yes 164 9.2 0.46 (0.25e0.86)
Hyperlipidemia
No 221 20.4 1.00
Yes 212 8.5 0.36 (0.20e0.65)
AF
No 332 3.9 1.00
Yes 94 53.2 27.88 (14.03e55.41)
Smoking
No 293 17.4 1.00
Yes 137 8.0 0.70 (0.27e1.85)
Areca nut chewing
No 335 12.5 1.00
Yes 98 21.4 1.90 (1.06e3.40)
Drinking habit
No 372 13.7 1.00
Yes 58 19.0 1.47 (0.72e3.03)
Sedentary lifestyle
No 157 15.3 1.00
Yes 273 13.9 0.90 (0.52e1.56)
Obesity (BMI > 27)
No 314 16.2 1.00
Yes 119 10.1 0.60 (0.30e1.17)
AF ¼ atrial ﬁbrillation; BMI ¼ body mass index; CI ¼ conﬁdence interval;
DM ¼ diabetes mellitus; OR ¼ odds ratio.
a Numbers may not sum to total value owing to missing data.
Ethnic Disparities in Ischemic Stroke Subtypes 19sedentary lifestyle was similar in these two groups. Nevertheless, a
larger number of Han Chinese participants had diabetes. By
contrast, the aborigines were more likely to have AF, and engage in
consumption of alcohol and betel nuts.
Table 2 shows the initial scores in the National Institutes of
Health Stroke Scale (NIHSS) and modiﬁed Rankin Scale (mRS), as
well as the short-term outcomes of the two ethnic groups.
Although the initial mRS and that at discharge were similar in both
groups, the aborigines scored signiﬁcantly higher in the initial
NIHSS (9.51 ± 8.14 vs. 7.64 ± 6.33, p ¼ 0.021). Nonetheless, these
two ethnic groups scored similarly in NIHSS at discharge. Addi-
tionally, there was no signiﬁcant interethnic difference in length of
stay and discharge disposition, including in-hospital death. Most of
them (83.1% in average) went home. In comparing the proportions
of ischemic stroke subtypes between the two ethnicities, small
vessel disease was found to be the most common in either group.
Although its prevalence among the Han Chinese outnumbered that
of the aborigines, statistical signiﬁcance was not reached. By
contrast, cardioembolic stroke was signiﬁcantly more prevalent
among the aborigines. The proportions of the other subtypes,
namely, the large artery atherosclerosis, stroke of other etiology,
and stroke of undetermined etiology, were almost similar in both
ethnic groups.
Table 3 shows the odds ratios of the ethnicity, elderly, sex, and
the risk factor proﬁle for cardioembolism. In this univariate
analysis, aboriginal ethnicity, elder age, AF, and betel nut chewing
were positively associated with this stroke subtype. On the con-
trary, DM and hyperlipidemia were negatively associated. These
K.-H. Hung et al.20study variables were then examined in the multivariate logistic
regression model shown in Table 4. Factors independently asso-
ciated with cardioembolism included AF (OR ¼ 28.04; 95% CI,
13.39e58.72; p < 0.001), betel nut chewing (OR ¼ 2.85; 95% CI,
1.21e6.72; p ¼ 0.02), and hyperlipidemia (OR ¼ 0.46; 95% CI,
0.23e0.95; p ¼ 0.04). Neither age (elderly) nor aboriginal
ethnicity was an independent determinant for cardioembolic
stroke.4. Discussion
This is the ﬁrst study to address the Taiwanese Aborigines'
ischemic stroke subtypes and risk factor proﬁle. In comparison to
the Han Chinese, they are less likely to have DM but are more
likely to have AF and engage in consumption of alcohol and areca
nuts. Therefore, these two ethnicities should not be grouped
arbitrarily into a single ethnic category in clinical studies of
ischemic stroke.
In contrast to natives in New Zealand6, North and South Amer-
ica7,8, Hawaii or Paciﬁc islands in ischemic stroke study9, obesity is
less prevalent among the Taiwanese Aborigines, when comparing
with coinhabitants of different ethnicity. The mean BMI of the
Taiwanese Aborigines in this study was 25.02 kg/m2, which is
similar to that of the Han Chinese (25.04 kg/m2; p ¼ 0.958). The
percentage of abdominal obesity in the aboriginal group was 39.8%,
which is even slightly less than that of the Chinese group (45.9%).
Although not statistically signiﬁcant, these readings may partly
explain the higher prevalence of DM among the Han Chinese, as
abdominal obesity is better correlated with metabolic syndrome or
insulin resistance.
This study shows that small vessel disease is the most prevalent
ischemic stroke subtype (39.3% in average) and hypertension is the
most common risk factor (averagely 86.8%) in both ethnicities.
These ﬁndings are in accordance with previous trials studying
ischemic stroke subtypes and risk factors among Asians10e13.
Despite a high rate of previous ischemic stroke (average, 33.5%) in
this study, only 38.3% of the patients took antihypertensive medi-
cation prior to admission. Likewise, the prevalence of AF was on
average 21.7%, but only 1.8% of the study population had taken
anticoagulants. The lack of awareness is probably attributable to the
high proportion of illiteracy among the study participants, which
may increase stroke risk7,14,15. Nonetheless, it may also imply in-
adequacies in planning, implementation, and administration of
public health education.
In the univariate analysis of this study, cardioembolism is more
prevalent among the Taiwanese Aborigines. Similarly, a population-
based registry in Auckland, New Zealand, shows the proneness of
Maori and Paciﬁc people to embolic stroke6. These natives share the
ethnicity of Austronesianwith the Taiwanese Aborigines and Native
Hawaiians. A hospital-based ischemic stroke study in Honolulu,
however, did not show a higher prevalence of AF among NativeTable 4
Multivariate logistic regression model of factors associated with cardioembolic
stroke.
Characteristic Adjusted OR (95% CI) p
Aboriginal Ethnicity 0.95 (0.44, 2.03) 0.92
Age 65 y 1.56 (0.65, 3.72) 0.32
DM 1.04 (0.47, 2.30) 0.92
Hyperlipidemia 0.46 (0.23, 0.95) 0.04
AF 28.04 (13.39, 58.72) <0.001
Areca nut chewing 2.85 (1.21, 6.72) 0.02
AF ¼ atrial ﬁbrillation; CI ¼ conﬁdence interval; DM ¼ diabetes mellitus; OR ¼ odds
ratio.Hawaiians and other Paciﬁc Islanders of Hawaii, in comparison to
either Asians orWhites9. More noteworthy, the Asians in that study,
whose ethnicity was not further speciﬁed (i.e., the percentages of
Chinese, Japanese, Filipino), are less likely to have AF in comparison
withWhites. In several other trials, the prevalence of AF among the
Chinese people has been shown to be lower than that in Cauca-
sians16,17. Nevertheless, the multivariate analysis in our study
shows that ethnicity is not an independent variable of
cardioembolism.
As expected, the most signiﬁcant determinant for cardioembolic
stroke is AF (OR ¼ 28.04; 95% CI, 13.39e58.72). The other two in-
dependent variables in our study are hyperlipidemia (OR ¼ 0.46;
95% CI, 0.23e0.95) and areca nut chewing (OR ¼ 2.85; 95% CI,
1.21e6.72). The negative correlation of hyperlipidemia with AF has
also been found in other studies18,19. This may be attributed to
hypothyroidism in some cases, but further research to explore the
mechanisms is necessary.
This is the ﬁrst study to show areca nut chewing as an inde-
pendent variable for cardioembolic stroke. Areca nut is labeled as
the fourth most common psychoactive substance, after caffeine,
alcohol, and nicotine, and 10% of the world population is
consuming it daily20. Areca nut chewing is a common habit among
the Taiwanese Aborigines, similar to many natives in Central and
South Asia, as well as many Austronesian linguistic areas in
Southeast Asia and Paciﬁc islands. Consumption of areca nuts is
found to be associated with obesity, DM, metabolic syndrome, and
cerebrovascular death21. According to a nationwide ecological
study in Taiwan, there is a linear relationship between the preva-
lence of AF in cities/counties and the betel quid chewing rate22.
More importantly, the doseeresponse effect of areca nut chewing
on cardiovascular risk and mortality have been reported by several
community- and health center-based cohort studies23e25. There-
fore, culture-sensitive educational programs to promote public
awareness of the vascular burden caused by areca nut chewing
should be implemented.
This study has several limitations. First, as this is not a
community-based study, selection bias does exist26. Second, as the
Taiwanese Aborigines in Taitung are more likely to live in rural
areas, ethnic disparity in access to medical care may exist. After all,
as nearly 99% of Taiwan's population was enrolled by the National
Health Insurance program, most stroke patients had been hospi-
talized and this is the referral hospital in the county. In fact, the
ratio of ethnic groups included into this study is proportional to
that of Taitung's population (aboriginal/nonaboriginal
ratio ¼ 0.3:0.7). Finally, as this is a cross-sectional observation
study, the causality of areca nut chewing in cardioembolism could
not be established. Randomized controlled trials to examine the
effectiveness of stroke risk reduction by decreasing exposure to
areca nuts is warranted.
Taiwanese Aborigines are unique and should not be arbitrarily
aggregated with other race/ethnic groups as a single ethnicity. In
comparison to the Han Chinese, they are more likely to suffer
from AF, and to engage in alcohol drinking and areca nut chewing.
They do not have a higher obesity rate and are less likely to have
DM. In planning for better stroke preventive strategies, these
disparities should be taken into consideration. Moreover, areca
nut chewing is an independent variable for cardioembolic stroke
in this study. This ﬁnding is in accordance with some community-
based cohort studies showing the doseeresponse effect of areca
nut chewing on risk of cerebrovascular disease. Further research
on the effects of different ingredients and preparations of areca
nuts in individual subtype of stroke should be implemented.
Better understanding of the underlying mechanisms may lead to
more effective primary and secondary preventions of ischemic
stroke.
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